Objectives: Fractures comprise 3% of all emergency department (ED) visits. Although emergency physicians are often responsible for managing most of the initial care of these patients, many report a lack of proficiency and comfort with these skills. The primary objective was to assess how prepared recent emergency medicine (EM) residency graduates felt managing closed fractures upon completion of residency. Secondary objectives included whether residency training or independent practice contributed most to the current level of comfort with these procedures and which fractures were most commonly reduced without orthopedic consultation.
A re emergency medicine (EM) residents prepared to manage closed fractures at the end of residency? Orthopedic emergencies and musculoskeletal complaints are a large part of the practice of EM. Approximately 20% of all emergency department (ED) visits were related to musculoskeletal chief complaints and conditions, and in 2011, approximately 3% of all ED visits were for fractures. 1, 2 Injuries range from potentially life-or limb-threatening to minor extremity fractures and joint dislocations. 3 Management of orthopedic diagnoses requiring emergent care is becoming an increasingly important skill for emergency physicians as the number of on-call orthopedic surgeons has declined nationally. 4 In addition to ED physicians reporting difficulty obtaining consultation from those on call, hospitals are incurring increased costs to maintain on call orthopedic surgeons. [5] [6] [7] [8] The American Board of Emergency Medicine's "The Model of the Clinical Practice of Emergency Medicine" states that emergency physicians should know how to manage extremity bony trauma (18.1.8) and how to perform fracture and dislocation reduction (19.4.6.3-4). 9 Despite closed fracture reduction being an essential skill of the emergency physician, recent studies have shown a lack of proficiency by both EM residents and attending physicians in musculoskeletal medicine. 2, 4, 10 In a recent assessment of orthopedic knowledge and level of satisfaction with orthopedic training in EM, Comer et al. 2 found at a single site that 23% of residents surveyed were somewhat to very dissatisfied with their training. After completing a multimodal orthopedic training curriculum including clinical shifts, selected readings, and an online image database, Khorasanee et al. 11 found that EM residents were least confident in interpreting radiographic images and performing orthopedic reductions and diagnostic maneuvers. Although satisfaction with training and confidence in case management are lower-level outcomes compared to performance, Comer's group also found that increased satisfaction was associated with higher pass rates on a written musculoskeletal examination with validity evidence to support score interpretation.
Data regarding the confidence and knowledge of residents is valuable and the opinions and experiences of residency graduates can uniquely inform program development and curricular decisions. 12 In a single site study by Druck et al., 13 a strong correlation was found between confidence and preparation during residency training for almost all procedural skills reinforcing the tenet that residency training is the primary mode of instruction for clinical procedures. Orthopedic fracture reduction was not a procedural skill assessed in the study by Druck et al.
The objective of this study was to assess, across multiple and varied sites, recent EM residency graduates' self-reported preparedness to independently reduce closed fractures upon completion of residency. Secondary objectives included determining whether residency training or postresidency independent practice contributed most to the physicians' comfort level with closed fracture reduction, how often physicians reduced closed fractures independently without a bedside orthopedic consultation, and which fractures were most commonly reduced independently.
METHODS

Study Design
This study was a survey of graduates from seven EM programs over a 3-month period to evaluate closed fracture reduction training, practice, and comfort level. These seven sites were selected as they are located in major geographical regions of the United States: three in the Northeast (two in the mid-Atlantic, one in New England), two in the West (one in the Pacific Northwest, one in the Southwest), one in the Southeast, and one in the Midwest. Each site primary investigator invited graduates from 2010 to 2014 to participate in an online survey. This study was deemed exempt from review by the primary site institutional review board.
Study Setting and Population
The target population for this investigation was recent residency graduates who have been in practice for less than 5 years. Both 3-year and 4-year program graduates (179 and 108, respectively) of seven allopathic EM residency programs were identified through lists maintained by the training programs ( Table 1 ). All graduates of the seven residency programs between 2010 and 2014 were included. The only exclusion criterion was the lack of a current contact e-mail address for the recent graduate. The investigators are all involved in residency program leadership for The Accreditation Council for Graduate Medical Education-approved EM training programs. As such, all investigators have expertise in the field of training residents, specifically in the area of training in musculoskeletal medicine.
Survey Content and Administration
The survey was created through an iterative process by the study investigators. An initial literature search was performed, and the survey was then developed and revised until all investigators were satisfied with the survey content, thus optimizing content validity. The survey was then piloted with 39 representative sample subjects to assess item clarity and to ensure response process validity (survey available as supplemental material). No significant changes were required after the piloting process.
The survey was designed to assess how well-prepared graduates of EM training programs perceived themselves to be to independently reduce closed fractures upon completion of residency, as well as to assess the impact of other factors on perceived expertise. The factors examined included the presence and perceived effect of orthopedic residents in the training institution, duration and region of EM training, and the type of orthopedic training in the EM residency program. Subjects were also asked for demographic information (years of practice since residency, their current practice type, region of the country in which they practice) and their current practice patterns regarding fracture reduction and current level of comfort with closed reductions of common fracture sites. Additionally, the subjects were asked whether their current level of comfort was most affected by their residency training or by postresidency independent practice.
The survey was administered using SurveyMonkey Inc. (www.surveymonkey.com) over a 3-month period in the fall of 2015. The program director at each participating site invited their own program's graduates by e-mail using an embedded survey link. Respondents were informed that responses would remain anonymous. Each program director repeated this e-mail to all graduates on a weekly basis for 4 weeks thereafter.
Repeated e-mails were sent to all graduates because the study design did not allow for identification of respondents versus nonrespondents. After the four weekly reminders, the study was closed at that site.
Outcome Measures
Our primary outcome was to assess the self-reported preparedness of recent graduates to independently reduce closed fractures upon residency graduation. Secondary outcomes included determining whether residency training or post-residency independent practice contributed most to the physicians' current level of comfort with closed fracture reduction, how frequently graduates reduced closed fractures independently, and ranking the most common fractures reduced by anatomic location. Also assessed was whether an association between residency length and self-perceived preparedness exists. Descriptions of orthopedic training experiences were also sought.
Data was analyzed using R (R for Windows 7, v3.0.3, 2014) . Association between categorical variables was tested using Pearson's chi-squared test. Logistic regression analysis was conducted to investigate further differences among categories.
RESULTS
Of 390 invited graduates from seven residency programs, 384 met inclusion criteria and 287 (74.7%) responded to the survey. Program and respondent characteristics are listed in Tables 1 and 2 . The respondent perceptions regarding preparedness for fracture reduction are shown in Table 3 .
The majority of respondents felt either "not at all" or "somewhat" prepared to reduce fractures independently upon residency graduation. There was no significant association between reported feeling of preparedness and length of residency (chi-square test p-value = 0.51). Almost half the respondents (137/ 287, 47.7%) now reduce closed fractures without a bedside orthopedic consult greater than 75% of the time. When queried whether residency training or independent practice contributed most often to their current level of comfort with closed fracture reduction, 156/287 (54.4%) of junior EM attendings noted it was independent practice. The most common fractures requiring reduction were wrist/distal radius and/or ulna, then finger/hand, and finally, ankle/distal tibia and/or fibula.
There was wide variation in the descriptions of the orthopedic experience during residency training for the junior attendings. Some respondents had no formal training in a "catch as catch can" model, and others had as many as 2 months of formal orthopedic rotations. Many responded that orthopedic training occurred early in EM residency (postgraduate year (PGY)1 or PGY2). A large number of respondents gained experience by observing reductions performed by orthopedic residents, rather than performing hands on reductions themselves.
All respondents completed EM training at institutions with orthopedic residencies, and 174/287 (60.6%) reported that this had a negative or neutral impact on their orthopedic training. Those who perceived that the presence of orthopedics residents had either a positive effect or no effect on their training were more likely to report feeling prepared than those reporting a negative effect (odds ratio [OR] = 12.85, p < 0.0001; and OR = 6.26, p < 0.0001, respectively).
Respondents trained in the Midwest were more likely to feel prepared compared to other locations. Compared to Midwest graduates, respondents trained in the Northeast, Southeast, and West were less likely to report feeling prepared (OR = 0.10, p < 0.0001; OR = 0.14, p = 0.0002; and OR = 0.36, p = 0.049, respectively).
There is a significant association between location of current practice and percentage of time reducing closed fractures without a bedside orthopedic consult (p < 0.0001). Respondents practicing in the Northeast were less likely to respond that ">75% of time they reduce closed fractures without a bedside orthopedic consult" compared to Midwest respondents (p = 0.0003).
DISCUSSION
Almost half of recent EM residency graduates reduce fractures over 75% of the time without the assistance of an orthopedic consultant at the bedside, yet over 40% felt only somewhat prepared upon graduation. In our sample of practicing emergency physicians within 5 years of graduation, the majority indicate that independent clinical practice, rather than residency training, has contributed most to their current level of comfort with fracture reduction. While prior studies have shown a structured curriculum can improve confidence in future orthopedic case management, this At this time, it is important to ask: is this a problem? Without procedural competency evaluations and outcomes data for these currently practicing emergency physicians, another conclusion may be that residency programs are providing graduates with the necessary tools for lifelong learning to rapidly adapt to the postgraduate clinical environment. This would lend support to the argument that emergency physicians are able to rapidly learn and incorporate novel procedures (such as resuscitative endovascular balloon occlusion of the aorta) or novel-to-them processes (such as ED observation units for monitoring cardiac patients or transient ischemic attack patients), which may not be ubiquitous during residency training.
Illumination of this may present an opportunity to improve the preparedness of future residents for clinical practice in an environment where, in addition to most graduates practicing outside of large academic centers, orthopedic consultation is becoming less accessible. 4 Our survey indicates that fractures of the wrist, hand, and ankle are the most commonly reduced independently and should serve as a guide for focused interventions. Our needs assessment demonstrated a heterogenous approach to orthopedic training for the EM residents among participating programs, and future studies should seek to identify which approaches improve graduate confidence and skills in performing reductions. Although solutions may vary depending on local factors such as institutional policy, the presence of other training programs, and the constraints of time felt by both 3-and 4-year training programs, a suggested next step is a collaborative discussion among program leaders to identify educational best practices, share resources, and ultimately investigate which strategies are most likely to result in improved graduate performance, regardless of training site or eventual practice location.
LIMITATIONS
As our primary outcome involved graduate perceptions and surveys are well suited to measuring perceptions, we chose to utilize this study method. However, our study is limited by sources of error inherent to surveys, including the possibility of measurement error as subjects may not have been able to accurately recall training experiences or may have not answered questions the way we intended. We attempted to minimize measurement error by developing the survey through an iterative process with expert review to ensure content validity and piloting to ensure response process validity. Nonresponse bias may have influenced the results, although our response rate of 74.7% may mitigate this particular bias. There is also the possibility of coverage error, if our sample was not representative of the target population, which could affect the generalizability of these results. Another limitation is that this study makes the assumption that perceived comfort with a procedure correlates with procedural competency and patient-centered outcomes.
Additional research should focus on comparing procedural competency at the end of residency and in independent practice. It may also prove useful to assess patient outcomes data for physicians based on their self-reported postresidency comfort level with fracture reduction. While the results of this study were deidentified to ensure respondent comfort with reporting potentially negative opinions to their residency, further research may be designed with the primary objective of comparing individual program effectiveness through individual response data.
CONCLUSIONS
Our survey reveals that the majority of recent emergency medicine residency graduates in practice reduce fractures without orthopedics at the bedside. Despite this, many did not feel well prepared to do so upon completion of residency training. Future collaborative efforts to further describe available resources and determine the impact of training interventions on procedural competency may yield valuable information on how to better prepare our residents for the management of musculoskeletal injuries upon residency graduation.
